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1. INTRODUCTION

17-7PH steel in condition TH 1050 is currently the most attractive pre-
cipitation-hardenable sheet steel for use in aircraft structure. This
is due to good fabricability, reliability, and uniformity, as well as to
the high strength obtainable. PH 15-7Mo is a recent modification of 17-7PH
which contains molybdenum and is designed to extend the useful temperature
range of 17-7PH by l00F9to 200FQ. It has been reported that the properties
of these materials can be substantially improved by using refrigeration
heat treatment, condition RH 950, with a proportional decrease in airframe
weight. The work described in this report was undertaken to verify the
reported increases in properties, provide data for the establishment of
design allowables, and determine the extent of embrittlement caused by
long exposure in the 70OF to 90OF temperature range.

2. OBJECT

To determine short-time tensile and compressive properties of 17-7PH and
PH 15-TMo steels, conditions TH 1050 and RH 950, at room temperature, 600F,
8O0F, 900F, and lOOOF; and to determine the effect of long exposure at 700F,
800F, and 90OF upon room-temperature tensile properties.

3. CCNCLUSIONS

3.1 The test results obtained for both 17-7PH and PH 15-7Mo during this
program indicate that the RH 950 treatment produces substantially
strcnger material (by more than 10,,000 psi) than does the conventional
TH 1050 treatment. This improvement persists at elevated temperatures
to about 800F. At the 900F testing temperature, condition RH 950
material is about equal to TH 1050 steel; but at lOOOF, TH 1050 is
slightly superior.

3.2 The data show that PH 15-7Mo is substantially stronger than 17-7PH,
especially at the higher test temperatures. The improvement at lOOOF
is about 15,000 psi for condition TH 1050 and about 25,000 psi for
condition RH 950.

3.3 Elevated-temperature compressive yield strength of both steels was
found to be roughly equivalent to tensile yield strength, although
anomalous effects were observed.

3.4 The thermal stability of 17-7PH and PH 15-7Mo steels was found to be
better than was initially supposed. Except for 17-7PH in condition
RH 950, all materials had average tensile elongation in excess of 4.5%
after exposure at 700F, 80OF, or 90OF for 100 and 500 hours. The most
severely embrittlifig exposure temperature was found to be 800F. 17-7PH
in condition RE 950 was almost completely enbrittled (0.3% elongation)
after 500 hours at 800F, and it had only about 3% elongation after 100
hours at this temperature.
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4. TEST PROCEDURE

4.1 Materials - Three sheets of 17-7PH and three sheets of PH 15--71o steel
were procured from Armco Steel Corporation for the present work. Each
sheet, nominally 0.040 inch thick by 36 inches wide and 120 inches long,
was taken from a separate production heat. The 17-7PH material con-
forms to MIL-S-25043 and the a[ 15-7Mo meets the manufacturer's guaran-
teed properties, as attested to by the mill reports shipped with the
material. Table I gives the physical and chemical data supplied by
Armco Steel Corporation for each sheet. All sheets were received in
the annealed condition with a number 2D finish. The sheets are the
same as those used for the heat treatment study reported in NAI-58-619.
Mechanical properties of the test material in the hardened condition
were verified by the testing reported herein and in NAI-58-619.

4.2 Heat Treatment - The heat treatment processes specified for the 17-7PH
and PH 15-7Mo material used in this progran were as follows:

Condition TH 1050 - Heat to 1400F for 90 minutes; air cool to 50F
to 60F, hold 30 to 60 minutes; heat to 1050F for 90 minutes, air
cool.

Condition RH 950 - Heat to 1750F for 10 minutes, air cool; liquid
cool to -OOF to -i1OF for 8 hours; heat to 950F for 60 minutes,
air cool.

The 1400F and 1750F annealing temperatures were held to within a ± 5F
tolerance, and the 950F and 1050F aging temperatures were held to
± 2F. Commercial tolerances are ± 25F and ± 1OF, respectively. All
high-temperature treatments were performed in air. The subzero treat-
ment was performed in a mixture of dry ice and isopropyl alcohol.
Specimens were mechanically descaled after heat treatment so that
deleterious effects of acid pickling were avoided.

4.3 Testing

4.3.1 Test temperatures used were room temperature (72F), 60OF, 800F,
and 1O00F. The following properties were obtained at each test
temperature: tensile and compressive yield strength (0.2% off-
set), tensile ultimate strength and ultimate elongation in 2
inches, Young's modulus in tension and in compression, and the
Ramberg-Osgood compressive stress-strain shape parameter, 'n'.
(Descriptions of the 'n' parameter, together with the method of
calculation, are given in NACA Tech note 902, July 1943.) The
elevated testing temperatures were held to within ± 5F, and
soaking time before testing was 30 minutes ± 5. Cycling of
specimens was used so that a specimen was tested every 10
minutes. All the above tests were conducted in triplicate for
each shect. "Noom-temperature tensile data were also determined
on specimuns exposed at 700F, 800F, and 900F for 100 to 500 hours.
One specimefn from each sheet was tested for each exposure
condition.
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4.3.2 Testing was performed according to requirements set forth in
Federal Test Method Standard No. 151, using standard Northrop
procedures on a Baldwin-Lima-Hamnilton 10,000 pound. capacity
testing machine, and a Pacific Scientific elevated temperature
test chamber. Test equipment and fixtures are described and
illustrated in report NAI-57-246. Standard tensile specimens
8 inches long with a uniform 2 inch long reduced section were
pulled by means of a pin inserted through a 1/2 inch hole in
the grip section. Standard 1 inch by 3 inch compression coupons
were tested in an NAA-type compression test fixture. Horizontal
steel leaves 1/16 by 7/8 by 3 inches, under screw-applied
pressure, supported the specimen in a vertical position. After
the specimen was loaded in the compression fixture, a compresso-
meter was attached, recording strain produced in the central
2 inch section of the specimen when load was applied. The
strain rate for all tests was maintained between 0.003 and 0.007
inch per inch per minute until yield loading was achieved.
Autographically recorded load-strain curves were used for
determination of yield strengths, elastic moduli, and 'n'
parameters.

5. RESULTS

5.1 Room and Elevated Temperature Tensile and Compression Properties

5.1.1 Tensile properties for three sheets of 17-7PH steel in conditions
TH 1050 and RH 950 are summarized in Table II; equivalent data
for PH 15-7Mo steel are given in Table III. The values entered
in Tables II and III for each sheet of steel are the averages
of the data from three tests. The tensile data for individual
specimens are presented in Tables VIII through XII. Compression
properties for each sheet and each condition appear in Table IV
for 17-7PH and in Table V for PH 15-7Mo. Individual test results
for compression specimens are given in Tables XIV through XIX.

5.1.2 The tensile properties (with the exception of elastic modulus)
are presented graphically as functions of testing temperature
in Figure 1 for 17-7PH and PH 15-7Mo in condition TH 1050;
Figure 2 gives the equivalent information for condition RH 950.
Compressive yield strength versus temperature for each material
and condition is plotted in Figure 3. Note that the large
differences between the PH 15-7Mo sheets in condition TH 1050
necessitated separate curves for each sheet instead of a mean
curve representing all three sheets. Tensile modulus of
elasticity is given graphically in Figure 14; compressive modulus
and compressive In' parameter are presented in Figure 5. The
modulus and 'n' values are considered approximate, since thermal
expansion of linkage and remoteness of the microfonrer strain-
measuring device limits the precision with which stress-strain
curves can be obtained.
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5.2 Room Temperature Tensile Properties after Elevated Temperature
Exposure - Tensile properties after 100 hours and after 500 hours
exposure at 700F, 800F, and 900F are presented in Table VI for
both steels in condition TH 1050. Similar information for condition
RH 950 is given in Table VII. The tensile data for 100 hours exposure
are presented as functions of exposure temperature in Figure 6. Similar
curves, showing the embrittlement produced by 500 hours exposure,
appear in Figure 7.
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